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Abstract – This communication presents some experimental
results on wavelet techniques applied to seismic signal
processing. These Techniques, which have been used to process
seismic signals will now be applied to refraction seismology.
The Ocean Bottom Seismometer, OBS, represents the
achievement of a joint effort by teams  from different scientific
and technological disciplines such as electronics, mechanics,
acoustics, communications, information technology, marine
geophysics, etc. This easy- to- handle and sophisticated
equipment not only allows useful active and passive seismicity
information to be recorded but also permits the recording of
other wave fronts, with multiple applications to marine
environment research.
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Seismographs, Signal Processing, Signal Compression,
Wavelets.
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I. INTRODUCTION
Refraction seismology, as  applied to oceanic
exploration, is a novel technique if  compared with
traditional reflection techniques. It is not surprising
then. that the related technology has been  developed
only to a limited extent. On the one hand, the hardware
equipment necessary for signal acquisition, the so-
called Ocean Bottom Seismometers (OBSs) are
manufactured in a «home-made» manner, and they
are difficult to test and validate: oceanic exploration
takes  long periods of time, and sometimes the OBS
disappears, making it impossible to validate data, and
thus test the performance of the OBS itself. On the
other hand with regard to the processing of signals,
there are no references, to the best of our knowledge,
which deal with the particular application to refraction
seismology. Figure 1 shows one of the OBS units
used recently, and which has provided the results
that will be described in this paper.
In an attempt to fill this gap, several research centers
here in Spain, have combined their efforts in order to
cover every aspect of this interesting technology. For
instance a novel design of OBSs has been carried out
and the first prototypes are now undergoing tests
[11]. The largest Spanish oceanic research vessel, the
BioHespérides, has been used as the platform for the
scientific exploration. In parallel, analysis of refraction
data, acquired with different OBSs, are being analyzed
in order to validate the most suitablee signal
processing techniques.
The aim of this paper is to show the results regarding
the signal acquisition and subsequent processing.
The techniques presented here are inspired on well
proven techniques used in other kinds of seismic
exploration. Though we are in the intial stages, the
results obtained so far look promising.
II. THE EXPERIMENTS
The experiments, developed during marine campaigns,
have been designed to extract information about the
earth’s crust at the ocean bottom, from the refracted
waves obtained through an active seismology
process. This process is depicted in figure 12. The
OBS lies on the ocean bottom and receives the
subsequent refracted waves which have been
produced by an air gun swept by the vessel under the
sea surface. The acoustic wave generated by the air
gun propagates through the water and reaches the
sea bottom. To achieve a measurable refraction wave,
the vessel must be some kilometers away from the
OBS position. The direct acoustic wave through the
water is also received by the OBS but does not contain
relevant information.
III. THE PROBLEM
One of the main challenges an OBS  faces is the
optimization of the amount of information stored. OBS
are autonomous systems, submerged for long periods
of time, and the information they acquire is retrieved
only when they return to the sea surface.
This means that  continuous acquisition, and storage,
is inefficient. It is therefore important to detect the
relevant moments when the acquisition must start.
This corresponds to the moments when the excitation
from the air compressed gun in the vessel reaches the
OBS. It is also important to correctly detect the moment
when the first signal reaches the vessel and the
subsequent reflected and refracted replicas in order
to measure the sound speed in the different media:
water, sediments, etc.
Fig 10: OBS (Ocean Bottom Seismometers)
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On the other hand, signals must be compressed as
much as possible, without any loss of significant
information. This task can be carried out off-line in
many different and efficient ways. However, since
the compression must be effected by the OBS, the
computational efficiency of the algorithm is a must.
In addition, and since four different signals are
typically acquired (three from a geophone and one
from hydrophone), redundant information can be
eliminated thus storing  only the independent
information.
IV.SOLUTIONS ADOPTED
Wavelet techniques have played a dominant role in
seismic signal processing, and refraction seismology
will not be an exception. The detection of the time of
arrival is based on a wavelet decomposition, similar
to that employed in [10], but making the decision
based on the combination of two wavelet coefficients
which are dominant in the first portion of the signal.
.
Fig 11: Seismic refraction
As far as  compression techniques are concerned,
two alternative methods have been implemented and
tested. The first one is based on the technique
presented in [2,7,9], which is based on the wavelet
transform of the signal to be compressed. The
algorithm starts with a procedure known as zero-tree
codification. The compression index obtained in this
way is rather high, at the expense of introducing some
loss: up to 78% using 8K samples blocks, depending,
of course, on the signal. A subsequent step of
codification where there is no loss, can be introduced
by using an arithmetic coder, which increases the
compression index: an additional 14 % can be
obtained, depending again on the signal. The main
limitation of this technique is its high computational
load. This could be a limitation for the on-line
implementation within the OBS.
To cope with this problem, an alternative method was
implemented that is more suitable for a real time
implementation in the OBS. The method is based on
an initial subband codification, as suggested in [1].
The idea is to code each subband proportionally to
the information contained in the band, but not in the
same way for all bands. It goes without saying that
the subband codification introduces losses. In the
same way as in the method based on the wavelet
transform, an arithmetic coder is added as a last step,
to improve the compression index attained. Typically,
the compression indexes achieved are lower than for
the case of wavelet codification. A maximum index of
68% is obtained for the subband codification. The
advantage is that the computational load can be
reduced by factors over 300.
With regard to the extraction of the independent
underlying information from the acquired signals, we
applied an ICA (Independent Component Analysis)
to the three signals received by the geophone [3,4].
In the case of, for instance, a dominant p-polarization
of the seismic wave, only two components should
result. This step might also serve to improve the
accuracy of the time of arrival detection, and of course
contribute to an additional compression. Our
experience with the application of ICA to the signals
at hand shows in fact two dominant, and similar,
components with a delay close to 90º. However, we
cannot claim they correspond to the two components
of an elliptically polarized (Raleigh) wave, since we
still do not  have an alternative procedure to validate
such a result.
V. SOME EXPERIMENTAL RESULTS
IIt is possible to compare original signals with those
obtained after the application of the different
algorithms. However, the correct validation of the
results is only given by the final graphical
representation the scientist uses for their
interpretation: the so called «hodocrone». Such
representation is nothing but a sort of grey-level
graphic where the horizontal axis corresponds to
distance (vessel displacement) and the vertical axis
represents time. The separation between two vertical
traces correspond to the time interval between two
shots from the vessel.
The image is obtained from the horizontal stacking of
successive seismic signals produced at regular time
intervals. Figure 12.a shows the original signals, as
acquired by the OBS, without any processing. In fi-
gure 12.b we show the same signals but, have
highlighted in red on every signal is the moment which
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has been detected by the algorithm as the moment of
arrival. It goes without saying that the algorithms
work properly in all cases. The slope of the asymptote
of the red curve should correspond to the sound
speed in water (1.5 km/seg approximately).
.
Fig 12.a: Original hodocrone
Fig 12.b:  Hodocrone with arrival detection
Fig 12.c: Hodocrone with compressed data
Figure 12.c shows the hodocrone built up with the
compressed waves obtained making use of the
subband method. No significant differences can be
appreciated with respect to the original hodocrone,
what means that no loss of significant information
has been produced. Finally, we should note that the
refracted waves should appear in the region below
the red curve. Refracted waves travel faster than direct
waves received by the OBS through water, since
sound speed in solid media is higher than in water.
When the vessel is some kilometers away from the
OBS, this effect becomes dominant. However, and for
the signals at hand, refraction waves are hardly
appreciated. This seems to be due to the poor quality
of the original signals, due to the lack of sensitivity
of the geophones used.
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